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(57)Abstract: 

PROBLEM TO BE SOLVED; To lessen the growth rate and accelerate 
the surface migration of molecules if group III atom, by specifying the 
relation among the growth rate, the growth pressure, and the layer 
thickness, when growing a second semiconductor layer in second 
thickness at second growth rate and growth pressure after growing a 
first semiconductor layer in first thickness at first growth rate and 
growth pressure on a substrate. 

SOLUTION: A thin GaN layer 302 is grown at a growth rate of, for 
example, 4 jxm/h or under by depressurized hydride VPE method on a 
substrate 301 , and then a thick AIGaN layer 304 is grown enough at a 
growth rate of 4~400 fim/h by normal pressure hydride VPE method on 
this GaN layer 2. Here, in the gas-phase epitaxial growth method which 
grows a second semiconductor layer in thickness d3 at growth rate V3 
and growth pressure P3 as it is after growing the first semiconductor 
layer in thickness d2 at growth rate V2 and growth pressure P2 on the 
substrate, it is so arranged as to fulfill the conditions of V2<V3, and 
besides P2<P3, and besides d2<d3. 
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(57) 

^ K^-f KVPEffifCit) 4 A^m/hfi;^T<^/^feSaiffiT' 
»^^GaNS3 0 2SrfiKft^*fc^s ZOGaNMS 0 

2±\znB^^4 h'y4 KVPE?ilCj;'9 4nm/h^<0 

V^A 1 Ga N«3 0 4^^g^tia:S/?>:(c, cffif-7r 

4T&mi^^yf>'iy'\cXVm^L. G a Nil 3 0 
2. AlGaNS3 0 3. 3 0 4/J»b?'i5 A 1 G a NS 

^/I/>'f K^-f FV P E?£{c J; •? , fifeSjt^ 

aliSL•r^J^/^-r K^-f KvPE&Srtr^ctfcitj. 

:;^#'j:^Siii^t;G a NfciU'A 1 G a 

fc^6«p"oKT•l:s^4^c■@^i^/tA 1 G a Nmmimhti 

5o 




(2) 

1 

Iff 11 m^di omm±K. m^mmv 2 . m 

/V'fi!t:RfelCjoV^-C, V2<V3, J.oP2<P3, J.O 

d 2 < d 3 t ^^ttt-rs^ta^tt' 

[tf*«2] Mfami<^*5g[<$s<^^ft?affiT2. ^ 

F 7 K^tB^ f -r ^tt^a^jS^ffl 
31 f ^' /Ufigftfe-e*) -5 r «r#m t -r 5 if *il i 

[if*Jl4l fiKSjaaV2. V3^S*^. Ojiim/h 
<V2<4/im/h, 4;im/h<V3<400Min/ 20 
h /j;?.lfe#lr}S^^r t «r#ia t-tSfS*!! 1 TiS 3 (^5 

Iit*ll5j fi^^f£tl?2. P3r^^^. itorr 
<P2<2 0 0 torr, 2 0 0 t o r r < P 3 < 1 0 

0 0 1 o r rf£im^i:mtc-rzt^wmti-6imm 

[i|:*3S6l /?feftSi¥d2, d3;55*-*. Onm<d 
2<5 0 0 nm, 1 0 a* m< d 3 < 1 mmJi<5^#^l'M 

m^mi] ^:6?a«T2, T3iiS3)5'*, 4 0 0'C< 
T2< 7 0 0t;. 7 0 Ot:<T 3 < 1 2 0 Ot^feS^l^t^ 
5rr«/c^ r. <!; Sr^l^m t + 5 1 6 (^f5IiX;6>lciB 

S(734^^.C< 1 1 10(7)S545Bx, A 1 V, G azi In 40 
i-xi-vi-21 N (0^X1, Yl, Zl^l) X'h^Zt 
^^mt-tSIf 1 7!jM 8 cD{sitt;!i>fcE^(0^^i3: f 

ttG a A s Xh >3 , HUEH 1 <D^^mi^S<D'>f£ <thl 
-onmt^Aln Gai-n N (0^X2^1) BU 

i-« N {0^Y2S1) T-fc5r.i^#mt-r5M*Jl 

[M*«ll] *flEISlCO¥^#:S;SSGaN^l/^«A 50 
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2 

lN*V^llGaN/'AlNMI&■7•-C$>•9. WIEI|2©ij^^ 
^^S;6JA In Ga.-« N (0. 0 5^Y3^0. 5) 

T$)5::t-^i|tmt-fSlt^«9 75Sl 1 cofBlti^MctS 

[ft*^12l /?$d l»a«±{C, ^S3iSV2. 
l^^Btl P 2 (Of!g*^#-eit>?iC< 1 1 1 onmt^htii) 

»;«ft^#t?'>'fc< i: t low«/S>P>/£5lK20i|£*«: 
S^SIfd 3^fi$-a:5:/n-fe;;^^'^tftC^ixf >5':^ri>' 

V2<V3, l.oF2<P3. l.od 2<d 3?i?)^# 

wmtm2 (D^^wm tt^hfj:^ ^mwmwL<DWt)f 
[if 1 3 1 5!{^> *9i3^ 1 <^^mwmiL\m 2 » 

[ff*3ii4i mmwii<D^mwmtm2<D^Mwm 

t i^mc n ^^±*lc p ST-ife 5 i «r!|#1» t If 

^mi 2X\tl 3|B«(Dij4»*»«cr)M5t;^fto 
[»^iI15l «firdmi(^ii^«<*Si£VMl®2Wi## 
Wmffi'>fi<thl<3(r>m-b^BnA\rvG&ix In 
,-xi-vi-n N (0^X1, Yl, Zlgl) -Qh^Z-t 
^#mt-r^>lf*lSl 2 751§1 4 OfBin/i^cEScW^SSI 

(iGa As-efei9, fJE^l©ifii|t*^0/>?:t< t-b 1 
ocO®:45AIx> Ga.-x2 N (0^X2^1) Xh^ . m 
U%2(0^m-W-m<r)'pti:< t h loWS>}SA In G a 
.-n N (0gY2^1) -C-*)5;it*!t#mt-t-^fl*IR 

1 2 75^1 5(D{mvMzt&mn^m-wmwLnm.'&i5m. 

[If*iil7] fluE^1^0Hiig^^:S^55GaNs£V^llA 
1 N^V>ttG a N/A 1 N^#r^ t?*) t) s SUSSII 2 

'¥f*;il;a5A 1 « G a ,-v3 N (0. 05^Y3gO. 5) 
-efcS^i^#tti:t-St»*J®l 2 753gl 6(Df5r4x;4^{c 

[Mollis] mm^U(DW-^d\tmm'^2(D^m 

m^d2f^^^^fz.'ik. ^2«i|ii»frS^Sffd 3^^ 
|i3if^?dri/-t/l'^;KfeT'fi!<;:5$-B:, d 2<d 3/<e5^ 

fiulBH 1 cDij^if i^Sifev^li^ 2 3 < i: t 

locDg;45B„ A In Gazi I n.-xi-v«. N (OSX 
1, Yl. Zl^l) -QhhZ.t%:<^nt-t^^m^W^ 
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tulBS^E255f-7r-f T^V^dS i g^VMlG a A s T-fc 
<0 . irE^ 1 £Diti^#:^(7?'>7'£ < i t 1 o©^;55 A 1 « 
Ga,-B N (0^X2^1) t?*?^), ttlE»20^i^W<^ 
S<0^l;"7fc< ttlo(0S#AlT2 Gai-n N (0gY2 

[ft*ii2 1 ] if:^ d 1 1 (D^mi^mi: lo 

l (O^mi^mA'^G a N^VM^A l N^V^liC a N 
/A 1 NM*&^Tfc 5 , MIEm 2 A 1 n G 

a,-v3 N (0. 0 5^Y3gO. 5) TfeS ^ t 

[t»*^2 2] lufEStSWjlSd 1 i:SfrSBm2 0i|iW 

[ft^« 2 3 ] wiBii 1 <D^mmtf^2 (D^mwm 

1 9 7^36 2 2 ©{5Iix*^-IB«»**I^S«« 
[ff*rp[2 4] f-7r-f TMwSJf&W^v^iiStgSr* 
Offltf J; 5 r -1" TiSitoi^ffilf SrWL, 

A 1 «r^tf;&a^B<73fiS;ftS:T5l9giC-f 5 1 0 t o r 

rJW±8 0 0 t o r r *«ro/]E;'jf fiKfi "Itgl- Lfc r t 

IISB^cDPlB^iUiMl 30 
[0 0 0 1 ] 

K^-r K^ffi:i^t'"^5':3r->- (VPE) SSSiC-p^t? I? > # 
IC. i«p"p«. »^tt{-ffinfcGaN»S^Al G 

a ^^.^^(rymm^ 1 I I - V^^b-&t)*^f*^)0l^<^ 

[0 0 0 2] 

D) (75M^;JS/^S^^-CV^So -fii^llxtf, 1 9 94¥2^0 
Bf^3:.U^r Yu^if7.6 0 2-§-(09 3-<-v'(C(4 0ffi'(t: 

[0 0 0 3] mtm% I I I -VMb^i^^W^T-feS 
GaNCi, ^aM;J?3. 4 e Vi;^#< L*»ta^» 
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<fflV^btlTV^?><, f-7r'l'TS«±'^WGa N)K«^fig 

rftiiQ 0 o~i 1 0 ox:<Dmxtm^^is.m^^^^ 

(MOVPE) fe^5>^-a^f^'=^-i/- (M 

[0 0 0 4] ■^^7T^'r»««, ^-^Mttt-^u 

[0 0 0 5] L^^L, GaN(DmB&Wi^M'M-t^\Z 

li, m^(om%l£7f)m^^:: t\zx'0 . s i««-^GaA 

r i;4ST'#i'iV\ Ga Nc73^:ft;^)fei: L-Ctt. MOCV 
D^fe^MBEffigi^l-, Yy-< K (*5^<k:t!) SriS 
i|Sft L-CfflV^SW K^ffi:3:t*^'df-v-^ (vP 

E) m*^tehf\^X\<^X . 0-173288 

^idi-j:, r^{bife>.^ I I \ -vmit-^'>k^'MWm<nf&^ 

iomi5ii-am.\m%i 1 1 -v;0i{b'&#>i|j'««:««<D»i 

vPEjfelcifbtf, f-^r-fTS^ilciNFratcifc-^ 

[0 0 0 6] LiO^L^iii^^, ::(D*ffi-e#e>4xfcG a N 

mmux\if£<^m\^f^9:-f^^tt-h. x«t u-r 

-'-^'l' K7-f KVPE?A(4/iKft3i^^5;»c#V''fcfe, -aF^xfc 
^fBSKeOGaN;45#P)tv/j:V^A»P>-e*>5„ 4fc, Al 

DA m^roiifpKWA 1 G a N^ffiV^S:: 
W-C% GaN»tS±<^LDj;>3, $ btCl^^ i < 

[0 0 0 7] Lj'j^L. n&y^^ ¥y-( VVP^m\-t^9: 

mm^±^^^tzi^^ mtr;\^^ (Aicia ) f£if<DA 

1 ^ttj!ffMoUimmmx'<D-74 ^ u-i^ 3 >tnmx 
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[0 0 0 8] 

vPEfiicit), fifeft}S^;a5/h§<''i'?, I I I 
G a N^fifeft^-yrSC t Sr^tgl- Lfci^fnKT-SSttlC 
[0 0 0 91 

mv 3 , fig^jffiy? P 3 Wfife:ft^#t?/>?fc < 1 1 1 oroS 

3. JaoP2<P3. JLod 2< d 3/£5^^4^^Sr^ifc-f 
:lfcSr#mti-5t)«^t?*>t). X. mzmma. mmm 
1 (0^mi^m(Of$.^^^i^T 2,^2 coii^5^f*:^<;);5S;:S?a 
aT3dS, T2<T3/'£S^#S:?ifc-t::iS:#mt-t 

V a: t° ■> -r /v/jgfiSiTfc s t # 

V3;iS^>!r. 0 ix m/h < V 2 < 4 m/h, 4 /x m/ 

h<v3<4 0 0 Atm/h^'j-s^ff^-tifc-t-:: t ^^It 

ti-St^T'fcO, X, ^5mm\t. fijc«:ffi;^P2, P 
3/455le.«. ltorr<P2<200torr. 200 
torr<P3<1000torr w 

d2, d3/i5^*, 0 nm< d 2< 5 0 0 nm. 10m 
4 0 0°C<T 2< 7 0 Ot, 7 0 0t<T3<12 

0 0 t:/<e^)^#Sr?«fc-rc i: ^#^^+5 i>(DX'h'o . 

1 i^mc n Sa^v p Mt-fo 5 :i i Sr!|^m 1 1"^ t 

cDT'*)>9. X. m9^«i±, t^Jt^lH(o^^i#^$g^v^l± 

M2©¥'^#:SO'>/i< 1 1. 1 OCD®/6SB,i A 1 ,. Ga 
I n N (OSXl. Yl, Z 1^1) -^fc 
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ISae^g^Sf-P'r'f TiEVMlS i^VMlGa As-t?fct), 
*ftl3B 1 <75^^#:Sc^'>'i < t 1 o<omii^A 1 « G a 

N (0^x2^1) mmm2(Di^mi$^m(D 

<bi,l 'onmfP'K 1 « G a N (0 g Y 2 ^ 

1) X'hi>:Lt^mmt-r^i,(D'(^h'o. x. m im 

ItlEU 1 Oit^^f*:S*5G a N^V^f±A 1 N^v^(i 
G a N/A 1 N®l&^^T-fc 9 , Sutem 2 Wi|^^«:g^5A 
1,3 G a, -n N (0. OS^YS^O. b) XhhZ.t 
10 *#1»t-r51>0-Cfc5, 

[0 0 10] X, ^^m\miyi>^mwmm(f^nmijm 
(om 1 mmit. i?^ d i os«±(c. M^sjiav 2 . 

'^mmd 3^*$*57'n-fe;^S:-ttf^+B3^f^=^i>'-ir 

/'VfiSifti'i-liliJV^T. V2<V3. _i.oP2<P3. I.0 
d 2 < d 3 /^5^#S:?ifc-t-mft3:t°^^v'-^/V'^:ft^fe 

<DX'h^, X. m2mmt. mc. mm^i<o^-^i^m 
i>t<DXh*). X. mammt-ts mm^io^'^i^mt 
^m»t'r^h(DXh'o . X, ^4fli#», sfjisnico 

B«i A 1.1 Ga« I ni-Ki-.wi N (0^X1. Yl, 

zi^i) xh^:^t^mmt-r^h(ox'h'o. x. m 

AsXh'O. WIBH 1 (r>^mi^m<r>{j^f£ <t^l oJDJi 

^5A 1 X2 G a 1-X2 N (0^X2^1) Xh*) . rnisi^ 2 
(D^MWMn'Pfi <tiil -OCOMi^A 1 n G a M2 N 

(0gY2gl) Xh^Zt^Wi^t-t^h'DX'h'O. 
X. m6lfi«ll. Sflf3^1©ilt*ficSdSGaN*V>«A 

1 N^V-^tiG a N/A 1 N«*&^-efc V , ttlE^ 2 ©^t^ 
jSft;®/55A lv3 G a,-n N (0. 05gY3^0. 5) 

xh6zt^mikt-t=bi,<DXh^s X, »7}i^«, 
wiBS«roi¥ $ d 1 i mmm 2 m d 3 

■So 

[0 0 1 1] X. *|§?qi^#i5 5i|^»«:««(Dmiffi# 

^^ttzm. ^2<75i|^3gfrS^)i/¥d 3Sr^ffi:tt•^drv' 
•r /I'^ft ?i-C'^S $ -ti-, d 2 < d 3 ^£ 2) ^«fc-t 
«^!|^S*5T?*)o-C, ftFE^l<0i|t3i^Sm>Hm2O^lt 
jff*:S3/>?i< t t. loWJi^SBx. A 1 r. G an In 

,-x.-«-z, N (0^X1, Yl, zisi) -efesni 

*iHf!ti:i-5tW-efc!3, X. if2li^tt. /f$dl<Z) 
50 SiK±(-mioi|^^^S*Smd 2fig«$-Br/t^, ^2 
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d 2 < d 3 fj:^m'^^mtz-t^mwmmvh<:> 

X. «rl5»«*S f- 7 T'fT^V Mis i*VMlGaAs-C 

X2 Ga.-« N (0SX2^1) T-fet), ifJl2M2©ii£^ 
#:SKi^:j^/<C< it) lotDSiS^A 1t2 Ga,-n N(O^Y 

2^1) -e*>5;iiSr!^mfc-f-5tjO-efc»5. 
mma. m^di <Dmm±\^m i (Di^^mwm -^mw- d 2 

fiKSS-frfcm, ^2(Oii^^ag^*S^S/|[d 3^^ffi3it°<5' 
=^->^/V'fig;ftfet?^ft*-ti:, d 2 < d 3 10 

V^^iA 1 N^V^HG a N/A 1 N«|&-T--C-$) >? . SufSH 
2 0i|^'af|*:S;55A 1 ,3 G a<-n N(0. 05^Y3^ 
0. 5) -C*>5Ct*1#mi:-t-5t<^T*>»). X, ^4 

sfrf5S«£oi¥$ d 1 tmmm2(r)^mwm<Dm 
mdzt(r>mm^. di<d3X'hi>z.t^mwLt-r^ 

2(D^mwm t i^mz n m^^^n^iz p mxh?> r t sr 

[0 0 1 2] X, *|g0^^::«^?5/^'1' K7-r K^ffi:tt- 20 

1? Htr i 5 i' ^ ^^fc■!^ :7 r TKw f^lf 
=frL, A 1 ^^ifi^fB(73^fti^<5jtg(ct-5ir*(c, 1 0 
torrgi±800tor r 7^fa(Dffi;^-f^fi«Jtgic L 

10 0 131 

m-tyr-frmmso i±\z^ Ky-^" kvpe 

m::i. ^ An m./ h}iXy(D0,&mS.Xn^^G a N^S 0 

2 ^^*S*fcm, C<DG a N®2J:{C^tJEE^N-Y Ky'f 30 

KV P Ejfeir J; t) 4 ,1 m/h J; 13 < ;^>o4 0 0 m 

m/hg^Tro^!gg:3i^■C^-:^>(Ci?:^^A l Ga NS3 O 4 

1 Sr^S/f^Xi/ICi l?|^*t, GaNil3 0 2 iAlG 
a N«3 0 4;5^f,/i5A 1 Ga NSfc ^VMi> AIG 
aN«3 0 4(7);^*»?5/£5Al GaN3i«. ^V^(4, 1^ 

A 1 «r^tf^S;65^ftTf^ 510torrt;±800t 
o r r*«cDiBE:^t?^«nItg;Ce/N-1' Ky-f KVPE$?« 

[0 0 14] ?SJ±^N-f K^-Y KVFE?*{CJ;I9. figft3I 

<ti^ B.OA 1 ^j^ir<7? 1 1 1 mm.Ws^'i-n^m 

tcJSiSLr. jE;^^i:§< LT, 'ffi'JI/N^- K^-f KVP 
E&^ffl^^S::i-t^ ::'c§/i/ii<;fi3i^r-A i g a N^^g 
ft$*5r.i:/i)ST#, Sd^pSCcoA 1 G a N*«*?!^*J: 

[0 0 151 
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m-r^o 01, B2{c*?Sig(D/N-(' K7-f KVP Egg 

[0016] 1 (^A^^sjo/s.^ Kv p 

Eggfi, f-^r-i'TSiSJS'ri 0 0 ^yj-^rm 
SfSf 1 oort{cis:ttf>ixfcf-7r'fr®!rtJfWi o i 

f-7 r-fTMrt jflffi 0 1 F*gcoS«^^ft^tA4x 

fc !9 , mmmmwi^^tz. ^ mw-ti>mwLm^^ y k i 
0 2i:, 1 &Kmnhi\^itr=i-d'^)-^^i^-fi 

oat, 1 0 4 i , ««^f^n K i o 2 r- 

^{1s$tL?.t;-^{^^««;Jt/v^l 0 5 SS^^wy 
1 0 5{c|a^$n5««l 0 6 f-^r-f TSSiS^St 
ioo^mtsi.')\^m-f1tMmt^-9 107 ^yr 
4 ri!/rtff 1 1 0 1 rtt^s^ft lost. Bfi 

1 0 8 t fiK*^ ^lrttSi S fc 7 r r»ttfc 
tJt)«10 9^. ■!^7r-<T^l^l*}#'ff 1 0 lf^tc;<f;^Sr 
'MA-rzitit. F^ff'ff 1 0 1 
siAP 1 1 0 t:^S^mA'§ 1 1 1 k:ff^mAa 1 1 2 

^*^oi^M«Ga y-;^ 1 1 3 y-;=^*JRtt 
-r5fc-^'#tj[i)pf#- M 1 4i:. figft^l 1 5 t. 
i^ffW 1 0 1 (Di&:^(D{^mcmi,-ftzm^ □ i i e i . f- 
7r-i'TMrt#'ffi 0 1 (DmmcWf(bix^i-y7-iT 

mi&m 2 0 0 i , 1 1 5 WiftM^A 1 y-X 2 0 

[0 0 17] :ffxmAa 1 1 0 t;if;^^Al=i i i ItT 
>'^:=-T:ify^t^m:if:^^mAi-?}fz.i^(D0:^mAat 
0^mA'WXhi>o :ff:^mAa 1 1 2fiHC 1 :ff7.t^ 

m^^vmA-fi>^:^mAuxh^, 

i/y^v, Ga As>ici'OX«-CS>5„ n 
bigilsffilttS i -^S i H2 CI 2 :«f;^trfflv\ p K 

f-I^!|s|-(-l4Mg (CH5 ) 2 -^MgClj ^rffl 
v\ ■JJ:^mA'^l 1 1 ^iiL-cm&l-^o 
[0 0 18] *|§BJcO/^'1' Ky-I" KVPElSgfl, 1^7 
r-friJi^K^SWl 00, 1 0 1. tt^t?«i 0 

9 , ttW f? 2 0 5 *fflV^. fSlifi^G a y-;^ 1 1 3 t 

^m&A 1 y-x 2 0 2 <D 2mm<DmwmPr^m\<\ m 

fit-^fl 0 7 tt-^'#t®i^xK-M 14tcj:(3i^ 
M*Ga y-;^l 1 3til5Mi^Al y'-X2 0 2»ia« 

/v-^ 1 0 5 (c ct 13 mm^f^^MM^h 1 2 0 o'c^T'^ij 

mX'%Z>. Kfc, D-^'U-;K:^7'l 0 3fcffi;^«# 

1 0 4 tfcj; i9f-y T-^'TMOSJ^l=l 0 OrttOJI/j^ 
1 0 t o r r Jil±8 0 0 t o r r iXf (DfS.tl'l&mXM^ 

[0 0 19] f-7r-i'rM<0Rjt&t=i 0 ortfi, f-7r 
■^rmitWOmi 0 9T'#a^l 0 8 tfifeft^l 1 5iC 
^>ltC>ttTj3 9, StSSI^^nj/ Kl 0 2?rfflV^T. #a 

^10 8 t^^j^^m. 1 1 5 ^c^v^(iii^c, stR i o e o 
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&SiSrg*(C^x.^r t;4ST'^5„ if;^afAP 1 1 2 

(0 2 -ett 2 0 6 t 2 0 7 X'^LIt) i^b^^m. 115 
KmA^ivfcHC 1 i^ilie^G a y-;^ 1 1 3 t 

i^M^A 1 y-:^ 2 0 2 i: i^Rl^ Lxmt:ff V A (G 
aCl, ) tmtT/V'^=-'i/A (AICI3 ) i:^± 

U, A 1 G a Ni^^M-r^^ A 1 G a NWA 1 tefigi^ 
ftiiSfH, ;<f;^afAP2 0 6 t;«fx»AP2 0 7;S»C>» 
A^tifcHC 1 ;«f;^cD^fEfti:i«MSG a y-;^ l l 3 t 
Mm^A 1 y-x2 0 2 trosa^icioT^^So 

(0 0 2 01 ^Tlc. ±ELfc^ftiSK{ci;6*l8B^ro 
fi£fi;&}Sfe^wOV^rlft?^•f-5. ■!^7r'fTS«l 0 6Sr# 

mi 0 6(DiiM.i:m:txi^M^no. mmmtj::b^m 
WM^i&i-r^mi. vwycA/««^#«^ i o s 
Lx. 7iimmm^mt:vv ^M,mHtm^tT/i'?.~^j^ 
(Dmm'^i£;hi:^x.x. mmti±titr-^&Lx-^-h. 
nv^i^^^i 1 5{cmLx^S:^n^o zo^j\zl 

X. Ga N^A 1 Nfcl^J^iCLTfiicft-e^^o ««« 

T>'*=r;^;^^ajtAL, mm'h(D^mmmP}<\ 
loo 21] m3ic>^mm<DM2(DM^mn^^^^'y 

0 fjmcof- 7 T'fTS^ 3 0 1 ff§ 5 0 nmO^/E 

i£?aiSii/tfi»T>' K-yG a N»fl«®3 0 2 

1 0 0 nmC0i^ffifl5?mii^ft»n-A 1d.2 Gao.. 
Nl»MS 303i, m^20 0u m(D^I£^t§Lnm^^ 
cDn-Alo.2 Ga... NffSf® 3 0 4 t , ff^ 1 0 n 
mOSjEi^S4'jifiS;S<0n - G a NftM^^^IS 3 0 5 

[0 0 2 2] H 5 fC*|g§q(75^ 2 B:^«>iJ©^:g^#CO 

OOX:. l^&mtjSO tor I^M'M&O. lumX 

h-cfc5, ^]Eis;?atf.jffigft(^^#ttfigft?&S 1 1 0 0 

t;, ^MZt) 5 0 t o r r . 1 nm/h X'h 

^ii«?aiSiifiJcftro*#(4fi)cft?a^ 1 1 oo°c. ^ 

ft/E;'7 7 6 0 t o r r, /^fefti^S 6 0//m/hT-fc6„ 
f^Mmm^ 5 0 O'C;}^?, 1 1 0 0'Ciz±i!,i?>tmm<D^^ 

1 3(D?fi^f±8 0 ot;. i^M^A 1 y-;^ 2 0 2ro?a^ 

(±9 0 OlCtffeSo 
[0 0 2 3] ±fB^ 2 (D )^/I{S?m 

^EE^fiB#WNH, <nmm±Q 0 c c/^>, Ga 
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1 (OjtftflO. 5 c c/:9■^ A 1 '--COHC I © 
gSAllO. 1 c c/^^-CfeS. ^ffi^tft^cONH. roiilE 
itteOOcc/^. Ga-~-©HC 1 roggfittS c c/ 
^, A 1^©HC 1 <D^^t*lil c c/^T-*)5o 
[00241 ^jE(760torr) ^:ftt?(^*5 J;-tO 
Hi ^iE7 34 t o r r, NH^ ;5>JE2 
Otorr. GaCl3 5torr. AICIj ^ 
/£ 1 t o r r T-foSo ^BE (5 0 t o r r) ^^Xnifo 
i.^ff)^fjy^j^m.\t.. H. 5)-jI4 7 t o r r , NH, 
10 Jl2torr,GaCl3 5^11 0. 5torr,AlC 
1 3 :7^i±0. 1 t o r r -C'fc?.„ 
[0 0 2 51 II 4 lC;*:^?iCO|| 2 (DM.Wm<DA 1 G a N 
««i^*to m 2 (DMcWm<DK 1 G a NX4gli±|E:i: f 
i5'=¥>'-t/w««;i^P.-!^7r'l'TX«3 0 1 Mff-ISfa 
^^ai^ftiOG a N»lliS 3 0 2 ^n: y f^V^^-C* 0 1^ 

2 : SiDniy^^^' h-e3 0 Otircita^-efT?. II2C0 
*l*:0-!l<DA 1 G a N^Si*. § 1 0 0 n m<7)i)^iEii;?a 
4'3i^rJcft©n-A lo. 2 Gao.. N^fil^S 4 0 1 t . 
20 $ 2 0 0)^m <0«ffia!?ai«S3i;*S©n-A l. i Ga 
... niW-mm 402t, ff^lOn mCO^Bm^'^M^ 
ftcOn-GaN»iII*liS4 0 3i:;4-b^£5o 
[0 0 2 6] ±IS(03IJg«WjO!¥*H(CftiJPS$tv 

*^PJOA 1 G a NS«<^A lJIfigl±gS3(C31'< 
5„ A 1 GaNSt^(c;|!Se>-f GaNStI, ^V^(^A 1 N 

[0 0 2 7] *ISBjro/N-r Ky^f K^^i^fi^gOS/S 

40 Lfzi^^X. A 1 G a NTtt'O/jg 

1 0 0 0°Ci:mx.6mM.f&AXh. «A*ti-5 

:Ii;4^/J^v^o-e, ^m©«sAt)?^j:<, M&m(0!^mwm 

^^±\c^mx^^. 

[0 0 2 8] m4<D^2(Dm^m\i. 2 O O nm<D 
n-AU.i Ga... NffSf X^trfc^o B 2 O A^jJiTlJ 

1 0 0 nm(Dn-A 1 ... Ga... NaEMS40 
1(4. ^iE^?a4'iS^fi^£'^T-. A 1 U— 

2 0 0 /im ron-A Ga*. N/p:iK/i4 
50 0 2ttfig:5]g«;45;*:#V^;iS, Tfl6c>i^^fa?C^s^v>0) 
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[0 0 2 91 ^JE(O^N-f Ky-f YVPEtmWM&im 

um/ht±^^^(DV. 3 B#rH^T 2 0 0 M miSOffJK 

&mim^hntc, i onm(Dn-G ANni^^mM 

4 0 3 {1, ^(D±iZA 1 G a N5^<?? L D ^fSC^-ti, 1 1 
<7)Sffi±{C, ;5)c:ft3iSV2. f&MJ£:fjP 2<Df$.S:^n-G- 

^1^:6^^ V 3 . !&e:l£tl P 3 <D^n^WX'0^f£ < i t> 1 

o■t:;;^^r■^tf^ti^t°^'=^v'^/^)^:S^5fe^^^*3V^-C. V 2 
<V3, ioP2<P3. l.-od 2<d 37'i-5^#Sr^ 

**jS(o^*?asT 2.^2 <Dii^mm<D^^umT a 

/js. T 2<T3 7i5^#«rilSfc-r::i*#ltt-r6tC) 

V\ 

[0 0 3 0] X. *^§^^c«t>5mtB::^t°^=^V-Y/^^ 
;?feftJiSV2, V3;55^*, 0Mni/h<V2 
<4*tm/h. 4;im/'h<V3<4 0 0 

iS5p°D^<^,^fB-5q»t>tl.^®:;^<Ofig:ft5i^tt. 4 0 0 m m 
/h-efcofco 30 
[ 0 0 3 1 ] X. f&S:S.tJ P 2 , P 3 2)5*^ . 1 t o r 
r<P2<200torr. 200torr<P3<l 

0 0 0 t o r Tfi^m'^^mtzi-:Lti:Wmti-^iy(r) 

nni< d 2 < 5 0 0 nm> 1 0 m m< d 3 < 1 mmJ'jr-S 

[0 0 3 2] /.efc, GaN^o^-g-s ffimsw/^ :7 
rm {m^d2) tLX. 0. 05~0. 5ixm(r)m^ 

#6.fc. X. fifeft?a«T2, T3;i5**, 4 0 0°C<T 
2< 7 0 0t:s 7 0 ot;<T 3 < 1 2 0 ot;/i5^#Sr 

[ 0 0 3 3 ] HJI^T-ii. 4 0 0t:<T 2 < 7 0 ot:(7)?a 
^«5H-C^< -yyrm *J?feft $ -ti" 5 i . r^^a 2 i!>C7c{b^S 

X, T 3;^U 2 0 O-C^i-tii, N/^-^^^^g a N^;5-p5 

t), -5^. T3*S7 0 0'C£iT(75»-&t, SS^'fc^S^Bii^ 
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[0 0 3 4] Xs WE^iroJji#<4:Stm20i|^5g«:» 
t ;as*i:: n S^v^tt*t;i p mxh6 r t S:i|tmi:-r 5 1 

(DXh'O. X. miElllO*ji^*^Ji^VM1^2»5#^#: 
ji(73ii'"/^ < t. 1 oroS^^Bxi A 1 Yi G a« In 

N (0^X1, Yl, Zl^l) XhoXii 

a A s -efc •? , HtllBm 1 (73*af|$:^cD/>;'i < t t 1 OCT) 
S;45A I « G a .-«2 N ( 0 ^ X 2 S 1 ) t-fc "9 . ttllEll 
2 #^*:^ro'>;^c < i: 1 1 o<r>Mt^K l « G a " N 

(o^Y2^i) xh^:Lt^mnt-ri>h<oxhy) . 

X. |frlHl|lcD^ii5gfr/i^^GaN^V>ttAl N*V>«G 
a N/A 1 NS*&-f--efo 0 , mlE^ 2 (Oii^^*S^5 A 1 
nGai-n N (0. 05^Y3^0. 5) -t-fco-Cb^ 

[0 0 3 5] X. Pti:|§l^{C'eit554^^«:«4K<^Mit;^}* 
(1. ff^ d ^ft3i«V2, ^ftJ£;^P2 

-r:itt£<. ^fiji^VS, ^:Sffi;^P 3(Dfiicft^#-C 
'>?'^< t1> lo(DS^^b'fc2)|g2W¥=»^S«rSJ9d 3 

joV^T. V2<V3. J.oP2<P3, B.od2<d3 
5^#Srt«fc-t^ffi^ t'tJ' =^ ix-y /w^ftfeic J; o T 

1 coit^^l*:^ i ^ 2 coi)i5g#:S <!: ?j ?i 5 t W T-fc . 
X, Sic, SfiE^iroii^^«^MXil^2(7)i|i*<^cgcDM 
tvd>^l^*Lfc:i2:^!i#mi:^51><^-C*>i9, X, tul5 
m 1 (0¥^»f*® t ^ 2 b Ifimz n SlfeV^li* 

(Cp3y-C*)?.r tSrl^mt-f ?)'bco-efc'?, X, fltilBif 
^cr,ii^«^^:S^V^iim2CCii^^##:ji(^'>^^< 1 1) loK> 
Bji A 1 VI G a zi I n i-ii-ti-ii N (0^X1, Y 

1. zisi) X'h^c.t^mmt-f^oiiO-iX'M. 

*filBlll(OJji^frSco/>/£< l-oa)S;45A I 
«Ga.-n N (0^X2^1) Iffc 9 > M1E^2(75ij«'it 

Wm(0'pti< t\y\-^<r:>mt^A\» Gai-» N (OgY 

2^1) rfc5::<!:^#mti-5t>»i?fe'9, X. ffJlE 
|g 1 (Oi)4^^f*:lir»G a N^V>«A 1 N^V^ttG a N/A 
1 l^m^l-Xh 9 . M!B^ 2 055^ag<*:^;6S A 1 « G a 
-„ N (0. 0 5gY3^0. 5) Xh^:Lfkmmt 

^mw-m(r>mw-d^t(r>mm'^. di<d3T-fc5:nt 
[0 0 3 6] X, ^wmmiJ^^Mwmm.\t^ m& d 

T'fiKs d 2 < d 3 ^£?,m<¥^mtc-t^mi^mRX' 

&oT, flfIlS^lWiiiJ^*S^V>(i^2Wi|^^f^c^3/> 
< t> 1 OCOS;*^ Bxi A 1 ti G a zi In i-«Mi-n N 
(OgXl, Yl. ZlSl) -CfeSr 
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SgV^liS i ^V^flG a A s -efc »5 > MialS 1 (O^^-WM 
(D'>/i< 1 1 10(DS;55A 1x2 Gai-« N (0^X2^ 
1) Tffct). taK»2Wi!t««!:«iO/J>/j:< it loog 
j)SAlnGa,-« N (0SY2^ 1) -Cfc?>::tSrW 

^S*Jii¥d 2flfeft§-frfe^. m2«^^f*S^lJ¥d 10 
3Sr^ffi3:-fcr^'^5^-t>'l'^Si*-C^ft*-ti-, d 2 < d 3 

#:®^5G a N^VMiA 1 NSfcV^dG a N/A 1 N®*&-7- 
-efcfj, WI5||2Wii£^»«cS35SAl« Ga,-« N(0. 
OSgYS^O. 5) -C-fc5CliSr#ltir-r?.tC>ffc 

•3. X. Bfjfss«(^/¥$d I tmuw,2o:>^mwm(om 

d 3 i:(DM#,;45. d 1< d 3 TfeS i Sr^lt ti-^ 

ti^mz-n p ^-cfc ^z.t t-ri>\> 

[0 0 3 71 X> ^^mK^i^^ys^ K9-f K^ffi:i^l:^ 

*U A 1 ^^tpSfa(D^a:^^l6lC-r5<k*(C, 1 0 
t o r r£i±8 0 0 t o r r Mm<r>!£tl'C^0:'SjmiZih 

[0 0 3 8] 

mm<r>'^W:] y^mm<Df^Mmit. ^s.«ron-A i g 

Vy-( K^tl^ftS^Stt> A 1 ^^ts^&%<D^'mwm 30 

%:^±\C^m.-V^io ^%^(On-A\>.2 Gao,. N 
jmmm±.\Zn-A\,.t Ca... N^yyK>GaN 

SKVMi I n G a N/G a NC0^fil:^^}^F(D?S'|4^, p 
-Alo.2 Ga»,. n^y'yY\ p-Ga N3>';J':J' h 

m^md^'mit l p t n m«iSr#»t s t a i g a 

OLD;d5#e>tl5o Al GaN*cOLDf4GaNX«<7> 
'9M?S:Rjb-et5ro-C\ 7fcx-^^j5'©iB^?ga«:iRi±-e 

[US 



2000-223418 
14 

[HI] ^%m(r>^i<oM.^mxhi>-'^'< KVP 
[1112] 7|c^W®lll©A#:0'J'Cfc5^^^ K7-^' KVP 
[0 3] if.^m(DW>2<DM:W^\n^^°^-^'y\J^Mm 
[04] *5S?^ro|g2©A#:01I(OA 1 GaNX«©»faq 
[El 5 ] *^?^<D^ 2 ©A^«ajo^:g;^#ONflS^'(bSr 
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